T he effects of differing levels of crop residue removal on soil properties has been vigorously studied to determine how much residue can be removed without degrading the soil and its productivity (Karlen and Johnson, 2014) . However, soil properties may not respond linearly to increasing levels of crop residue removal (Lehman et al., 2014; Stetson et al., 2012; Wegner et al., 2018) , suggesting an additional influence on soil properties beyond residue quantity. Mechanical operations during harvesting of grain and/or residues can influence the size distribution of residues remaining on the soil surface (Table 1 ). In no-till systems, residue particles remain on the surface to be decomposed and, depending on the particle size, may behave differently as they become part of the soil.
Previous studies have shown varying relationships between particle size and microbial respiration, depending on the plant residue type and particle size range (Angers and Recous, 1997; Bending and Turner, 1999; Sims and Frederick, 1970) . None of these studies directly addressed the effect of corn (Zea mays L.) residue particle size on its decomposition and effect on soil parameters, particularly as it relates to no-till systems. Our study objectives were to determine the effect of corn residue particle size on microbial respiration and soil C and N dynamics in a laboratory-scale experiment modeling the 0-to 5-cm layer of soil in a no-till system.
Materials and Methods
Corn stalk and leaf residue were collected from a post-harvest bale, air dried at 80°C, chipped, and rotary-sieved to separate the residue into four size classes: class 1 = <0.4 mm, class 2 = 0.4-0.8 mm, class 3 = 0.8-6 mm, and class 4 = >6 mm, respectively. Fiber composition of each residue size class was determined by Ankom Fiber analysis.
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Abstract: Field operations may differentially influence crop residue size distributions, altering residue decomposition rates and soil carbon (C) and nitrogen (N) dynamics. In a laboratory microcosm study modeling corn residue distributions observed in a no-till cropping system, microbial respiration was initially (first 30 d) inversely proportional to residue particle size across four size classes. Subsequently (30-60 d), respiration in the smallest particle size decreased in relation to the larger size classes. Residue particle size significantly increased soil C levels, with the smallest sizes producing the longest-lasting effects (150 d). Smaller residue size classes initially (30 d) immobilized more soil N compared with larger size classes; however, at 150 d, the smaller size classes had mobilized increasing amounts of N while the larger size classes had progressively immobilized more N. We conclude that crop residue management operations changed characteristic residue size distributions that moderate decomposition activities and result in unique soil C and N dynamics, possibly influencing soil properties, including nutrient availability.
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Core Ideas
• Corn harvesting practices generate characteristic residue particle size distributions.
• Corn residue particle size influences its composition and decomposition.
• Residue particle composition and decomposition influence soil properties, i.e., soil C and N.
• Mechanical harvesting operations affect soil properties via residue size distributions.
For each residue size class, 300 g of dried and sieved (2 mm) topsoil was mixed with 0, 2.1, or 4.2 g of residue and placed into a 2-cm-deep pot. Residue application rates were determined by bracketing the highest and lowest residue amounts observed in a field study (Table 1) and scaling these amounts to the surface area of the pots. Pots (six replicates per rate per size class) were maintained at field capacity soil moisture (daily gravimetric adjustment) in a growth chamber (75% humidity; 16 h daylight; 21/13°C day/night).
Soil respiration was determined by CO 2 flux at 17 occasions over a 60-d period. Ported lids were temporarily (0.5 h) applied, and headspace CO 2 was measured by gas chromatography (Lehman and Osborne, 2013) . At 30 and 60 d, 4 g of soil was removed (1.5-cm-diam. cores) and dried, and visual residue was removed, fine ground, and sieved (0.5 mm). Total soil C and N were determined by combustion (TruSpec CHN analyzer, LECO Corporation) (Nelson and Sommers, 1996) and inorganic N species by 2 M KCl extraction and flow injection analysis (Lachet Instruments, 1989) .
After 60 d, pots were transferred to a greenhouse (28/18°C day/night) and watered by a misting irrigator. After 150 d, soil was collected for total C and N analysis as described above. Statistical analyses were performed with a two-way ANOVA with residue amount and particle size as the fixed treatment factors and replication as a random factor, utilizing a mixed model (SAS Institute, 2007) , a level of 0.05.
Results and Discussion
Residue amount (0 [none, no residue], 2.1 g [low], 4.2 g [high]) effect on respiration was significant (p < 0.05) at all sampling points (Table 2) , except for the first 3 d, when respiration in the control (no residue) and low amount (2.1 g) were not significantly different. Thereafter, all residue rates had significantly different respiration (high > low > none). There was no interaction between the amount of residue and residue size, and therefore cumulative respiration is plotted for each residue size class as the average of high and low residue amounts (Supplemental Fig. S1 ). For the first 25 d, respiration from size classes 1 and 2 were not significantly different and both were significantly higher than size classes 3 and 4 and the no-residue control ( Table 2) . From 30 to 60 d, respiration from class 3 was equal to classes 1 and 2. From 45 to 60 d, class 2 respiration was significantly higher than class 1; otherwise, respiration was inversely proportional to particle size. The common expectation for respiration to be inversely proportional to residue particle size is based on the amount of surface area in contact with the soil. Even modest amounts of small particles produce large changes in active surface area (varying with square of particle diameter). This relationship has been borne out in studies with corn pith (Sims and Frederick, 1970) and wheat (Triticum aestivum L.) straw (Angers and Recous, 1997) but not confirmed in studies with potato (Solanum tuberosum L.) and brussels sprout (Brassica oleracea L. var. gemmifera DC.) shoots (Bending and Turner, 1999) . Our smallest particle size (class 1) exhibited lower respiration than some larger particle sizes (class Table 1 
. The amount of corn residue and its particle size distribution (by rotary sieve analyses) remaining on the soil surface of a no-till system measured under three harvesting conditions: (i) grain harvest only, (ii) grain plus baled stover, and (iii) silage removal. Field study details available in Stetson et al. (2012).
Residue removal level
Residue size class † 1 2 3 4 5 6 Total 2, 3) during the last 15 d of the study. The ultimately lower respiration in this small particle size fraction could be due to its relatively high lignin content ( Supplemental Table S1 ) or because smaller particles are more prone to physical protection of the surface, as previously suggested (Ambus and Jensen, 1997; Sims and Frederick, 1970) . Residue amount (0, 2.1, 4.2 g) significantly (p < 0.05) increased the amount of soil C at all sampling points for all residue size classes except class 4, where there was no effect (data not shown). Averaging the two rates of residue application for clarity, we found a significant effect of residue size class on soil C (Table 3) . At 30 d, size classes 1 and 2 had higher soil C than classes 3 and 4; at 60 d, size class 1 had higher C than the other classes. At 150 d, classes 1 and 2 had more soil C than the initial soil C level and both remained significantly higher than the no-residue control.
In moderating respiration and soil C, residue particle size appears to be an additional factor (besides residue quantity and quality) for soil priming, where added substances alter soil organic matter dynamics (Blagodatskaya and Kuzyakov, 2008) . Residue size may also influence soil organic matter stabilization, which has been reported to be independent of molecular structure under many conditions and is associated with microbial activities (Schmidt et al., 2011) .
There was no effect of residue rate on total soil N or interaction between residue rate and size for any of the three sampling days (data not shown). The only significant residue size effect was observed at 150 d, where residue size class 4 had lower soil N than the other treatments (Table 3) .
All residue size classes had significantly lower soil nitrate values than the no-residue control at all sampling dates (Table 4) , demonstrating net N immobilization as previously observed (Sims and Frederick, 1970) . At 30 and 60 d, size classes 3 and 4 had significantly higher soil nitrate than the smaller size classes 1 and 2. At 150 d, the results were mixed, with size class 2 having the highest soil nitrate among the residue treatments. At 30 d, size class 1 had significantly higher ammonium concentrations compared with the other size classes (Table 4 ). Between 60 and 150 d, soil ammonium concentrations declined by approximately 0.5 mg kg -1 for all residue treatments with the larger particle size classes 3 and 4 having significantly lower soil ammonium than size class 1 on Day 150.
In conclusion, the mechanical procedures used for harvesting and handling grain and crop residues may produce characteristic residue particle size distributions that can affect soil properties, including soil C and N dynamics and microbial activities. Consideration of residue particle size distributions will promote more accurate interpretation of studies examining the effects of harvesting operations on soil properties and enhance the predictive value of these studies. C and N by residue size class for the 30, 60, and 150 d ----------g C kg -1 --------------------g N kg -1 ----------0 20.6 a 20.7 a 20.9 a 1.93 ----------mg NO 3 kg -1 --------------------mg NH 3 kg -1 ----------0 
